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ABSTRACT 
 
Efficient road network and connectivity play vital role in the development of 
any country.  Majority of the rural roads are unpaved and connectivity of rural roads 
is always a major challenge.  Unpaved roads are also used for temporary 
transportation facilities like access roads, haul roads for mines, forest roads and 
parking lots.  Since these roads do not have asphalt surfacing, they are subjected to 
early failures due to distresses like rutting, pot holes and depressions .  Stabilization of 
unpaved roads using geosynthetics has been proved to be promising in increasing the 
lifespan of these roads because they facilitate economical, aesthetic and effective 
design of the roads.  Inclusion of geosynthetic layers at the interface of subgrade soil 
and granular sub-base, reduces the surface heave, ensures a better stress distribution 
and reduces the stresses transferred to the subgrade soil, as demonstrated by earlier 
researchers.  
Wide variety of geosynthetics like woven and nonwoven geotextiles, uniaxial 
and biaxial geogrids and geocells are used as reinforcement in road sections. 
Geotextiles improve the strength by interfacial friction, lateral restraint and membrane 
effect. Geogrids provide additional benefit of interlocking. Geocells are honeycomb 
shaped geosynthetic cellular confining systems filled with aggregates in which the 
reinforcement action is derived not only by friction and interlocking, but also by 
confinement.  Load-deformation characteristics of reinforced soil-aggregate systems 
under static, repeated and cyclic loads is a potential topic of interest considering the 
fact that the design of geosynthetic reinforced unpaved roads is still under 
development and experimentation.  
Abstract      ix 
The objective of the present study is to understand the beneficial use of 
geosynthetics in unpaved roads and to provide clear insight into the influence of 
geosynthetics on the cyclic loading characteristics of unpaved roads through 
laboratory experiments. California Bearing Ratio (CBR) tests were carried out on 
unreinforced and reinforced soil-aggregate systems to study the effect of various 
parameters such as type of reinforcement, form of reinforcement, quantity of 
reinforcement, and water content of the subgrade soil on the load-penetration response 
of the various systems.  Modified CBR tests were also carried out to understand the 
influence of boundary of the mould and anchorage of reinforcement on the behavior 
of reinforced soil-aggregate systems.  Behavior of unreinforced and reinforced soil-
aggregate systems under repeated and cyclic loading is also studied to understand the 
resilience of the composite systems.  From the measured stress-strain response, the 
elastic and plastic strains developed in various systems are compared.  Different 
moduli such as secant modulus, cyclic modulus and resilient modulus are computed 
for different systems and compared. 
To investigate the effectiveness of geosynthetics in improving the load - 
bearing capacity, repeated load tests were carried out on model sections of unpaved 
road constructed in a steel test tank of size 750 mm × 750 mm × 620 mm.  The effect 
of various parameters like the form of reinforcement, quantity of reinforcement, 
height of geocell layer and the position of geocell layer on the load-deformation 
behaviour of the unpaved model road sections was studied.  Static and cyclic triaxial 
tests were carried out on unreinforced and reinforced granular sub-base materials to 
understand their stress strain behavior under static and cyclic loading conditions.  The 
influence of quantity and form of reinforcement on the stress-strain behaviour of these 
materials was studied.   
Abstract      x 
From the studies it is observed that the use of reinforcement increases the 
CBR value of the soil-aggregate systems.  Studies with two different sizes of CBR 
moulds indicated that the boundary effect in the standard CBR mould leads to the 
overestimation of the CBR value, resulting in unconservative design of road sections. 
Providing anchorage to the reinforcement in CBR tests did not produce an appreciable 
change in the load-penetration behavior.   
From the repeated load tests it was observed that the reinforced systems did 
not show any improvement in the load-deformation behaviour at low levels of rut 
depth.  At higher rut depths, the reinforced systems developed less plastic settlements 
and more elastic settlements and low resilient modulus compared to unreinforced 
systems.  From the model tests on unpaved road sections, it was observed that the 
improvement in the cyclic load resistance of the road due to the inclusion of geocell 
layer depends on the height of the geocell layer and its position.  Increasing the height 
of geocell layer resulted in improved performance up to certain height of the geocell 
layer, beyond which, further increase in the height reduced the load resistance because 
of the inadequate granular overlay thickness and inadequate compaction of aggregate 
within the geocell pockets.  Static and cyclic triaxial tests showed that the geogrid and 
geocell reinforced granular sub-base material sustained higher peak stresses and 
exhibited increase in modulus compared to the unreinforced specimens. Results of 
element and model tests carried out in this study gave important insight into the load-
deformation characteristics of reinforced soil-aggregate systems under static, repeated 
and dynamic loads.  The results provide guidelines regarding the selection of type, 
quantity and configuration of geosynthetic reinforcement while designing unpaved 
roads and the expected performance of these reinforced unpaved roads. 
